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Abstract 
This paper examines the impact of health information technology (HIT) implementation and meaningful 
use on hospital productivity and financial performance. Focusing specifically on the healthcare sector 
allows us to examine at a more granular level the manner in which hospitals and other healthcare 
organizations adopt, implement and use their HIT systems and how such use impacts their performance. 
We propose hypotheses predicting a hospital’s operating and financial performance as a function of HIT 
capital, meaningful use of HIT, and the complementary effect of health information exchange (HIE) 
coordination with HIT use.  Secondary survey data over a three-year period (2008-2010) on various HIT 
and hospital performance measures collected from 2,557 U.S. hospitals were analyzed by hierarchical 
linear modeling (HLM) approach. We find reasonably good support for our hypotheses linking HIT 
capital and meaningful use of HIT to productivity metrics and to financial performance, after controlling 
for a number of key factors. These findings show that it is important to track and measure meaningful use 
over and beyond simply looking at HIT adoption statistics.   
 
 
Keywords: Health Information Technology, Business value of IT, Hospital performance, Hierarchical 
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Introduction 
 
As investments in healthcare information technologies (HIT) continues to rise worldwide, there is 
growing interest amongst the academic and practitioner communities to understand the impact of HIT on 
the performance of healthcare organizations. The broader literature on IT and business value has 
investigated the role of IT in impacting various measures of performance centered on operating, financial, 
and customer-centric measures and the various pathways through which benefits accrue to the investing 
organizations (Bharadwaj et al. 1999; Brynjolfsson et al. 1996; Brynjolfsson et al. 2000, 2003; see Dedrick 
et al. 2003 for a review of the empirical literature). This literature has also emphasized the need to go 
beyond simply focusing on IT capital (or IT investments) and examine how organizations deploy IT-
enabled capabilities (Bharadwaj 2000; Powell et al. 1997) as well as other crucial complementary 
capabilities that together form an effective ecosystem of mutually reinforcing and synergistic benefits 
(Aral et al. 2012; Barua et al. 1995).  Despite the substantial literature on the business value of IT at the 
macroeconomic level, it is important to analyze the impact of IT at the specific sector level, especially as 
some of these sectors, such as healthcare, start to make rapid investments in IT and grow their share of 
overall IT capital consumption.   
 
In the United States health IT expenditures (including technologies such as electronic medical records, 
electronic clinical documentation, decision support technologies, and other associated technologies) have 
grown annually. Overall, health providers spent more than $88.6 billion in 2010 to develop and 
implement electronic health records (EHRs), health information exchanges (HIEs) and related 
technologies.  It is anticipated that spending on HIT will continue to grow rapidly fueled by new 
government regulations and tight deadlines for achieving targets (PwC 2011). More specifically, HIMSS 
Analytics anticipates that hospitals will spend between 46.5% and 48.3% of their total IT capital budgets 
on IT applications such as EHR and revenue cycle management (RCM) in 2011, up about 2 percentage 
points from 2009. In addition, they will continue spending on business applications such as enterprise 
data warehousing, and associated areas such as business intelligence will continue growing for at least the 
next five years (HIMSS Analytics 2011).  
 
Another important rationale for examining HIT impacts stems from the fact that the broader literature on 
IT value points to different types of relationships between IT and various measures of value (Devaraj et al. 
2003; Hitt et al. 2002).  Organizational contexts, strategies, structures and processes matter a great deal 
in extracting value from IT investments and can be different across different types of organizations.  
Focusing specifically on HIT, allows us to examine at a more granular level the manner in which hospitals 
and other healthcare organizations adopt, implement and use their HIT systems and how such use 
impacts their performance. This allows us to better contextualize HIT implementation and examine the 
idiosyncratic associations to performance that characterize the healthcare sector. At a broader level, this 
helps to further refine our contingency theories on how technology shapes performance as well as to test 
our existing theories in new empirical contexts that have hitherto remained under examined. 
 
The literature examining the impact of HIT on hospital performance is still fairly nascent, and hampered 
to a large extent by the unavailability of detailed data on reliable measures of HIT investments, adoption, 
and use (Byrne et al. 2010; Parente et al. 2009). We summarize the key studies that have examined the 
impacts of HIT in Table 1 and as seen from the table, much of the extant work on HIT performance has 
relied on data ranging from small data samples from a few hospitals to larger samples of survey data from 
national organizations such as the HIMSS Analytics database. Recently, the American Hospital 
Association (AHA) has released the Electronic Health Records (EHR) adoption database, with data 
collected from over 3,600 hospitals to report the depth of meaningful use of HIT. What distinguishes 
AHA’s EHR data from other sources is the actual usage information from the hospitals. In this study, we 
take advantage of the availability of this more detailed data to evaluate the impact of HIT on different 
measures of hospital performance. 
 
The central thesis of this study posits that healthcare organizations are increasing investments in 
information technologies in order to reap the benefits of cost reduction and revenue enhancements, 
similar to organizations in other sectors of the economy where such benefits have been previously 
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documented.  We therefore test the relationship between HIT capital and three key measures of hospital 
performance pertaining to operating as well as to financial performance.  We find that HIT capital is 
positively linked to performance in each case. 
 
Although HIT capital is an important precursor to HIT value, it can be argued that such investments, 
while necessary, are not sufficient to ensure superior performance. The IT business value literature is 
replete with examples of firms that have made significant investments in IT but have failed to reap the 
concomitant benefits due to poor adoption and use of the new information technologies (Devaraj et al. 
2003).  What matters more therefore is how effectively healthcare organizations use their HIT systems. 
‘Meaningful use of HIT’ has therefore emerged as a key construct of interest and in this study we examine 
the relationship between meaningful use and performance. We posit the relationship to be a positive one 
across all measures of performance and find the results from our empirical analysis to be consistent with 
our prediction.  
 
An important benefit of electronic medical data is the ease with which the data may be shared and 
leveraged by a network of healthcare organizations (HCO).  Spurred by financial incentives provided by 
the Affordable Care Act of 2009, many states in the U.S. are setting up regional health information 
organizations (RHIO) and other health information exchanges (HIE) to facilitate care coordination and 
improved patient outcomes. This is expected to not only better coordinate patient care across healthcare 
organizations but also help leverage key technology investments in the broader network of state level 
HCOs. Consequently we also test to see if the extent to which hospitals share electronic medical data 
though a participating HIE is complementary to its HIT use, such that the interaction of meaningful HIT 
use and HIE participation by hospitals has synergistic benefits beyond what is achieved individually 
through these efforts. However, our results do not support the complementary effects that we posit in the 
study. 
 
The remainder of the paper is organized as follows. In section 2, we develop the theory and hypotheses of 
the study, followed by a discussion of the data and methods in section 3.  In Section 4, we present the 
results, followed by a discussion of the results and conclusion in section 5. 
 
Theory and Hypotheses 
HIT Capital 
The  literature on IT and business value has drawn largely on the theory of production as well as the 
resource-based theory to make the connection between different forms of IT capital and various measures 
of operating and financial performance. The production function approach posits that organizations 
employ specific methods for transforming inputs into outputs, represented by a production function, and 
that different combinations of productive inputs can be used to produce any specific level of output.  This 
approach has been most commonly employed to study the productivity benefits of IT capital, which is 
econometrically estimated by assuming a particular form of the Cobb-Douglas production function 
(Brynjolfsson et al. 1996). This functional specification allows for the estimation of contribution in terms 
of the gross marginal product, and since organizations will seek to invest in the highest value uses of an 
input first, the theory predicts that the gross marginal product must be positive for an investment to 
occur. 
In the context of healthcare, HIT capital serves as a critical input to the production function of hospitals 
that is focused on patient care and treatment. Investments in HIT today are moving beyond the back-
office functions of patient billing and administrative records and are seen as critical to the front-line 
operations of diagnosis, treatment and post-operative care.  As physicians streamline their diagnosis 
routines, real time IT-based decision aids are expected to greatly improve hospital productivity.  HITs can 
reduce overall hospital workload due to improved or eliminated tasks, reduce redundancies through 
improved care coordination, as well as greatly reduce errors in diagnosis and treatment (Bates et al.1997). 
Indeed, recent studies on impacts of HIT in specific contexts, has documented significant reduction in 
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medical errors and improved care through reduction in mortality of acute myocardial infarction, heart 
failure, and pneumonia (Kazley et al. 2008; Menachemi et al. 2008; McCullough et al. 2010).  
Beyond improvements to productivity, IS scholars have also linked IT capital to improvements in overall 
financial performance.  The beneficial impact of IT investments helps in bolstering firm revenues as well 
as in decreasing firm costs (Aral et al. 2007). In healthcare context, it is expected that HIT investments 
will help hospitals reduce expenses associated with record keeping, practice management, and decrease 
the risk of malpractice suits (Goldschmidt 2005).  Improved workflows and service arrangements through 
new HIT systems can also enhance customer satisfaction and thereby lead to higher revenues.  Hospitals 
with superior information systems can be expected to provide better service and exceed customer 
expectations leading to higher retention of customers. Therefore,  
H1: Investments in HIT (HIT capital) will be positively associated with (a) hospital productivity; and 
(b) hospital financial performance. 
 
Meaningful Use of HIT 
With the rapid adoption and diffusion of HIT systems in health care organizations, there is renewed 
concern about the ability of these organizations to use the new systems in place in a meaningful way.  
Unfortunately, in many instances, the expected benefits of HIT do not materialize owning to lack of use, 
active misuse, or other forms of overt and covert technology rejection (Vest et al. 2010). Meaningful use of 
HIT is conceptualized as the use of certified EHR technologies in a “meaningful manner,” that is likely to 
result in clinical quality improvements. Participating medical providers are expected to receive a range of 
benefits such as improving quality, safety, and efficiency of care; reducing health disparities and medical 
errors; better engaging patients and families in their health care choices; improving care coordination 
across providers; better access to public health information;  and ensure privacy and security of medical 
data (CMS 2010).  
 
Prior studies on the effects of information systems have noted that the most fundamental outcome of 
introducing an information system into an organization is that the system either is used or is not used 
(Silver et al. 1995).  Classified as the “first-order effect,” this aspect of system use often gets neglected but 
unfortunately is one of the major reasons for IT systems not achieving their performance objectives 
(Markus et al. 1994). Even when the system is used, the question of how it is used - when, by whom, for 
what purpose, and so forth- remains a significant factor in determining overall effectiveness of the system.  
Sometimes systems may be used in ways other than intended, and with negative consequences, as when a 
newly introduced computerized order entry (CPOE) systems created problems of adverse drug events 
(Ash et al. 2004; Nebeker et al. 2007). 
 
Meaningful use of IT is therefore a key capability that is developed with significant learning over time and 
cannot be easily acquired by organizations. It is predicated on effective interactions between the system 
design features and the organizational context which includes the organization’s external environment as 
well as internal elements such as organizational strategy, structure, and culture (Silver et al. 1995).  
However, when hospitals and medical care centers achieve a certain maturity in use, significant benefits 
have been documented. For example, meaningful use of HIT systems has been shown to prevent adverse 
drug effects and reduce medication errors significantly (Bates et al. 1997) and lower mortality for heart 
attacks and coronary artery (Amarasingham et al. 2009).  As a case in point, Brigham and Women’s 
Hospital in Boston, Massachusetts, estimated that it achieved savings of $5 million to $10 million per year 
following installation of a CPOE system that reduced serious medication errors (California Legislative 
Analyst Office 2007).  Therefore, 
 
H2: Meaningful Use of HIT will be positively associated with (a) hospital productivity; and (b) hospital 
financial performance. 
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Table 1. Literature Review on Hospital Performance Outcome 
Study/ Year Datasets/ Time HIT Variables Outcome Variables Key Findings 
Devaraj et al. 
(2000) 
Proprietary  hospital data DSS system implementation 
• Mortality 
• Revenue per admission 
• Revenue per day 
• Customer satisfaction 
The effect of IT investment and 
DSS lead to organizational 
profitability 
Devaraj et al. 
(2003) 
Proprietary  hospital data 
DSS system usage 
- reports 
- processing time (CPU) 
- Number of records accessed 
• Mortality 
• Revenue per admission 
• Revenue per day 
Actual usage may be a key variable  
in explaining the impact of 
technology on performance 
Angst et al. (2011) 
HIMSS data for cardiology 
department 
AHA data 
Number of interoperable HITs 
Sequence of interoperable HITs 
Distance between sequences 
• Average cost per patient 
• CMI adjusted average cost 
• Average length of stay 
• CMI-adjusted length of stay 
1) The number of integrated HITs 
positively impact process costs and 
process quality 
2) Interoperable sequences 
outperform other sequences 
3) the proximity to interoperable 
sequences affect performance 
Menon et al. 
(2009) 
The annual cost accounting data 
from Washington State 
Department of Health (1979-
2006) 
Administrative IT 
Clinical IT 
• Hospital charger per labor 
cost 
• Adjusted patient days per 
employee 
There are the short term and long 
term effects of different IT 
capability on hospital performance 
Borzekowski 
(2009) 
HCFA Hospital cost reports 
AHA annual survey of hospitals 
HIMSS 1987-1995 
Finance IT 
Clinical IT 
• Hospital costs 
1) IT is associated with lower costs 
at the most automated hospitals 
2) The adoption of particular 
system is also associated with 
lower costs 
McCullough et al. 
(2010) 
AHA annual survey 
HIMSS 
CMS Hospital Compare 
Electronic health records 
Computerized physician order 
entry 
• Mortality rate from heart 
failure and pneumonia 
 
HIT has positive effect on the 
quality metrics across US hospitals 
Setia et al. (2010) 
OSHPD 
HIMSS data 2004 
Scope 
Experience 
• Net income per patient day 
Digitization experience within 
business activity systems 
influences financial performance 
whereas digitization scope and 
experience complementarities 
within clinical activity systems 
impact financial performance. 
Furukawa et al. 
(2010) 
OSHPD 
HIMSS (1998-2007) 
EMR Stages • Total costs 
EMR stage 1 and 2 are associated 
with hospital inefficiencies 
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The Complementary Effects of HIT Use and Health Information Exchange 
Health Information Exchange (HIE) is the process of coordinating care across many health care entities 
through the electronic sharing of health related patient information. HIEs are widely regarded as an 
important mechanism for improving the quality of care provided by various healthcare organizations 
(Vest et al. 2010). 
 
Prior work on inter-organizational systems (IOS) in the IS literature, has emphasized the need for 
structural and organizational mechanisms, including appropriate incentives, for partners to share 
information (Johnston et al. 1988).  Unlike internal IT systems, IOS systems such as the HIEs, can rarely 
be implemented by fiat and must actively consider the payoffs for all participants in the system, not 
simply the sponsoring organization. Moreover, since the participants may have different goals and 
interests, HIEs must ensure provisions for reliability, data security, user privacy and system integrity that 
exceed the standards for internal systems. These requirements are even more salient in the context of 
patient level data where privacy protection is especially important.  
 
The benefits of HIEs, when they accrue can however be significant. HIEs offer great potential to influence 
individual and organizational level decision making around the delivery of care (Vest et al. 2010).  
However, not all healthcare organizations may be in a position to leverage the capabilities offered by 
HIEs. We argue that only organizations that have already achieved a fairly high level of internal 
meaningful use capability can also participate meaningfully in an HIE.   Conceptually, complementarities 
between HIT Use and HIE participation can be grounded in the literature on information processing 
theory (Cyert et al. 1963; Radner 1992).  As ‘boundedly rational’ organizations, hospitals are limited in 
their ability to effectively access and process information.  Higher levels of HIT use increases their 
capacity to process information for decision-making and therefore to better leverage the external 
information received via the health information exchanges. Thus the superior quality and care outcomes 
envisaged through HIEs are realistically only achievable by hospitals that also have achieved high levels of 
HIT use. Some early empirical evidence suggests that this may indeed be the case. For example, Wallker 
et al. (2009) found that digitization of health information within organizations should precede 
participation in a HIE.  The reasoning behind the finding is that internal meaningful use of HITs within a 
focal organization improves their abilities to exchange health information with other providers.  
Therefore, we posit that  
 
H3: The effect of HIE coordination on performance is moderated by HIT use, such that the effects on 
hospital performance are greater for hospitals with higher meaningful HIT use.  
 
Methods  
 
Data Source  
 
We test our hypotheses using secondary data on HIT implementation and meaningful use of HIT within 
U.S. Hospitals. Acknowledging multiple sources of data regarding HIT investment and implementation, 
we select two survey datasets from American Hospital Association’s (AHA) Electronic Health Records 
(EHR) adoption data and Healthcare Information and Management Systems Society (HIMSS) data, 
yielding 2,557 hospitals from 50 States during a three year period (2008-2010). In general, AHA’s EHR 
data provides IT implementation information at more than 3,600 U.S. hospitals whereas HIMSS 
Analytics data has profiled and updated 3,200 hospital data, containing software, hardware, and 
infrastructure installed throughout all facilities within each hospital. Overall, about 68% of hospitals are 
nongovernmental and not-for-profit and 96% of hospitals are reported as providing general medical and 
surgical services to patients. In addition, electronic medical records adoption rate are up to 85% across 
hospitals. 
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Table 2. Descriptive Statistics 
Variable Mean Std Dev 1 2 3 4 5 6 7 8 9 10 11 12 13 
1. Revenue (REV) 18.38 1.33 
             
2. Patient Days (PD) 10.83 1.18 0.82             
3. Discharge (DIS) 9.21 1.38 0.83 0.89            
4. HIT Capital (HITC) 690.96 1078.00 0.54 0.45 0.38           
5. HIT Use (HIT Use) 26.47 5.72 0.48 0.42 0.42 0.31          
6. HIE Coordination (HIE) 0.27 0.44 0.11 0.14 0.12 0.17 0.14 
        
7. Hospital Size (SIZE) 217.61 205.83 0.72 0.71 0.59 0.56 0.29 0.09 
       
8. Hospital Age (AGE) 46.27 37.15 0.10 0.12 0.12 0.02 0.06 0.02 0.10       
9. HIT Human (HITH) 31.97 58.06 0.56 0.41 0.39 0.74 0.23 0.10 0.58 0.07      
10. State Awards (SA) 16.22 0.57 0.15 0.16 0.12 0.07 0.01 0.03 0.11 0.03 0.06     
11. Year (YR) 
  
0.00 0.10 0.20 0.11 0.10 0.23 -0.03 0.00 0.00 -0.01 
   
12.Hospital Ownership 
(OWN)   
0.17 0.04 0.02 -0.02 0.04 -0.02 0.00 -0.22 -0.03 0.06 -0.04 
  
13.Hospital Service (SVC) 
  
0.09 -0.02 0.03 0.11 -0.03 0.01 -0.05 -0.03 0.14 -0.01 0.00 0.18 
 
14. State Size (SSIZE) 
  
0.13 0.17 0.11 0.03 0.12 0.06 0.07 0.11 0.01 -0.26 -0.01 0.02 -0.02 
      * Denotes significance at p<0.05 
      * Descriptive statistics are not reported for categorical variables  
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Research Variables  
 
Our analysis includes three hospital outcome measures, two hospital level HIT variables, one state level 
HIE coordination variable and other relevant covariates as control variables. All research variables of 
interest are derived from the aforementioned data sets.  
 
Independent Variables  
 
HIT capital is a measure of the IT infrastructure of the focal hospitals. In our study, we obtain HIT capital 
as the total number of computers and servers in the unit, similar to how IT capital variable has been 
typically measured in prior IS literature (Bresnahan et al. 2002; Melville et al. 2004; Weill et al. 1998;).  
 
Meaningful use of HIT (HIT Use) refers to the degree to which a hospital uses computerized systems for 
medical data such as patient health records, physician notes, medication lists, laboratory reports, drug 
allergy alerts, and patient bar-coding.  Although prior measures of meaningful use of HIT have been 
proposed in the literature (Jha et al. 2009; Jha et al. 2010; Jha et al. 2011; Blavin et al. 2010; DesRoches 
et al. 2012), the measure we propose indicates how hospitals gradually adopt and use the various 
functionalities associated with HIT. Regarding HIT meaningful use as an organizational capability, it is 
necessary to measure meaningful use as a continuum of adoption and implementation process.  
Moreover, recent EHR adoption survey database does not fully reflect CMS meaningful use standards. In 
fact, in our dataset spanning a three year period( 2008-2010), only the 2010 EHR adoption survey data 
reflect the MU (meaningful use) criteria as defined by CMS (Jha et al. 2011) whose one-year cross 
sectional dataset will not suffice for testing the causality claims that we propose. Therefore, a theory-
driven measure of HIT meaningful use is proposed in our paper based on consistent use of HIT 
functionalities over the entire three year period that we analyze. 
 
In the AHA survey data, hospitals were self-assessed on a 6-point scale anchored on the extent to which 
specific functionalities for Electronic Clinical Documentation (ECD-7 item scale), Results Viewing (RV- 6 
item scale), Decision Support (DS- 6 item scale), Computerized Order Entry  (CPOE– 5 item scale), Bar 
Coding (BC- 4 item scale), and other functionalities such as Telemedicine, RFID, and physician Personal 
Digital Assistants (PDA) were fully implemented (i.e. completely replaced paper record for the function) 
to not in place at all. With this survey data, we constructed the meaningful use of HIT construct, by first 
subjecting the items to an exploratory factor analysis. Based on the results obtained, ECD, RV, DS, and BC 
items emerged as a single factor structure. We then subjected these items to a confirmatory factor analysis 
(CFA), which confirmed that factor loadings for all the items were greater than the threshold of 0.5. A 
single summated score for HIT Use was then obtained by adding scores across all the items in these four 
categories.  
 
Table 3. Exploratory Factor Analysis (EFA) Results 
Variables  
Factor Loadings* Unique 
Variance** 1 2 3 
Telemedicine (TELM) 0.08 0.45 0.09 0.78 
Radio Frequency (RF) 0.13 0.68 0.14 0.50 
Physician Use of Personal Assistance (PUSE) 0.22 0.67 0.00 0.50 
Computerized Providers Order Entry (CPOE) 0.36 0.15 0.61 0.47 
Electronic Clinical Documents (ECD) 0.81 0.11 0.32 0.23 
Result Viewing  (RV) 0.75 0.20 0.14 0.38 
Decision Support (DS) 0.63 0.17 0.43 0.39 
Bar Coding (BC) 0.53 0.31 0.10 0.61 
* Varimax rotation (Orthogonal) 
** The proportion of variance that is not explained by any factor 
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Table 4. Confirmatory Factor Analysis (CFA) 
Results 
Variables Factor Loadings  
ECD 1.00 0.76 
RV 0.69 0.58 
DS 0.89 0.57 
BC 0.48 0.34 
Goodness of Fit Indices 
 = 90.97 df=2, P-val=0.000 
RMSEA=0.092 
 
HIE coordination reflects a hospitals’ participation in a health information exchange and is measured 
based on the following item drawn from the EHR survey: “Does your hospital participate in any regional 
arrangements to share electronic patient level clinical data through an electronic health information 
exchange such as a RHIO?” The answers indicate 1: participate and actively exchange data, 2: participate 
but do not exchange data, and 3: do not participate in any regional arrangements for electronic health 
information exchange. For this study, HIE coordination is s measured as a dichotomous variable based on 
whether or not a hospital fully and actively participated in any regional arrangement to share electronic 
patient level clinical data through an electronic health information exchange.   
 
Dependent Variables  
 
As two primary hospital outcomes, hospital productivity and hospital financial performance measures are 
obtained from HIMSS database 2008-2010. Based upon prior literature on hospital profitability, a 
revenue-based variable is chosen for hospital financial outcome (Baker et al. 2008; Devaraj et al. 2003). 
In the dataset, the hospital revenue measure (REV) is defined as a hospitals’ net operating revenue 
associated with the main operations of the hospitals.  
 
For the hospital productivity measures, adjusted patient days (PD) and adjusted discharge (DIS) were 
chosen (Menon et al. 2009): adjusted patient days (PD) is defined as total number of discharges at each 
acute care hospital in the most recent fiscal year; and adjusted discharge (DIS) is defined as each calendar 
day of care provided to a hospital inpatient under the terms of the patient's health plans, excluding the 
day of discharge.  
 
Control Variables  
 
Besides our key research variables, several control variables were included to account for potential 
confounding effects.  For hospital level characteristics, we calculate hospital size (measured by the total 
number of facility staffed beds) (SIZE), hospital age (AGE), as well as hospital ownership (OWN) and 
primary service of hospitals (SVC). As an IT-related covariate, HIT Human (HITH) is also included by 
aggregating total number of full time IT human resources, since IT labor has been associated with 
organizational performance (Brynjolfsson et al. 1996; Tambe et al. 2011). As for state-level characteristics, 
state size (SSIZE) and state awards (SA) are included in the models. State size is measured by rank order 
based upon regional size, and state awards is defined as grants won by the state for the establishment of 
Health Information Technology Regional Extension Centers that offer technical assistance, guidance and 
information on best practices to support and accelerate health care providers’ efforts to become 
meaningful users of EHRs (HIMSS Analytic). State awards serve as an important proxy for the state’s 
current level of HIE involvement which can affect hospital’s HIE coordination and in turn their 
performance.     
 
Analysis  
 
We employ hierarchical linear modeling (HLM) for our analysis as HLM captures the effect of variables 
measured at different levels on focal outcomes with repeated measures data. HLM enables researchers to 
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formulate and test hypotheses about how variables measured at one level affect relationship between 
other variables measured at another level (Raudenbush et al. 2002). Conceptually, our data include 
information sampled at three levels: Level 1 is time (2008-2010); level 2 is hospital; and level 3 is state. As 
our hypotheses posit the relationship between HIT variables (measured at hospital level), HIE variable 
(measured at State level) and hospital outcomes (measured at hospital level), it is appropriate to adopt 
HLM approach and build the research model at three different levels.  
 
At level 1, we model a hospital’s financial performance in a given state and for a given year. Here, year is 
the time-varying variable which reflects the variation in hospital performance by year. At level 2, all 
variables of interest at hospital level are included and the level 3 model contains state-varying variable 
(namely, HIE coordination). Considering that multilevel models can be expressed by writing separate 
equations at multiple levels and then substituting in to arrive at a single equation (Singer 1998), our three 
levels and final composite model are defined respectively as below: 
 
Level 1 Model: Across time within a hospital (for year, 	  hospital, and 	  State) 

  	   	 	                                                                                                   (Model 1)  
 Level 2 Model: Across hospitals within a State 
    	     !"#$ 	%                         (Model 2) 
Level 3 Model: Across States 
  & 	&' 
  	& 	&' 																																																																																																																																						(Model 3)  
Composite Model  
 

  	 (& 	#) 	&'  	  & 	&' ∗ 	 
					 !"#$   	% 	 	 																																																																 (Model 4)  
 
Here, dependent variable (Y) reflects hospital productivity and hospital performance, respectively. All 
these models contain a random intercept which allows the baseline of hospital outcomes to vary but the 
slopes do not differ across hospitals. In other words, we acknowledge the fact that each hospital differs at 
its baseline of HIT implementation, meaningful use, and HIE coordination which explains hospital 
specific unobserved heterogeneity.  
 
Results 
 
Descriptive statistics and correlations among the variables used in the study are reported in Table 2. In 
the table, the correlations indicate that the direction of correlation is in the expected direction among all 
variables. As preliminary tests, we checked the normality of the outcome (dependent) variables and the 
multicollinearity among all the independent variables. As all three outcome variables were right-skewed, 
we log-transformed the outcome variables. Second, multicollinearity assumption was checked by variance 
inflation factor (VIF) scores and condition index (CI) among HIT variables, confirming all scores were 
below the threshold of 10 (30 for CI) and that the regression assumptions had been satisfied to proceed 
with the HLM analysis.  
 
We estimated the composite model (4) using the random intercept model with restricted maximum 
likelihood estimation in HLM. Our models were estimated by SAS 9.3 Software and all coefficients were 
standardized and robust standard errors (i.e. White Heteroskedasticity-Autocorrelation Consistent 
estimator) were used for hypotheses testing. The results are displayed in Table 5. For model fit, Model 1 
(M1) provides estimates for the three hospital outcomes and includes only the control variables. Model 2 
(M2) includes the target variables and the interaction term along with all the controls. The models are 
compared by the AIC/BIC indices which are efficient model fit indices for the nested model. As shown in 
Table 5, M2 (the full model) for all hospital outcomes have better model fit than M1 (the reduced model) 
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(AIC=2282.2, BIC=2291.2 for hospital revenue; AIC= 1886.8, BIC=1895.9 for adjusted patient days; 
AIC=1128.3, BIC=1137.3 for adjusted discharge) and hence M2 fits the data better for each hospital 
outcome. 
 
Among control variables, hospital size, ownership, primary service, HIT human, state size, and state 
awards are all significant on the model for adjusted patient days (PD). For the adjusted discharge model 
(DIS), we find that hospital size, ownership, and state size are significant while hospital size, hospital age, 
and state size are significant in the model with hospital revenue (REV) as the dependent variable. We find 
that hospital size (SIZE) and state size (SSIZE) are significant in all the models (at p<0.05).  
 
Our first hypothesis posits a positive relationship between HIT capital and hospital productivity and 
hospital financial outcome. This hypothesis is supported in that HIT capital enhances hospital revenue 
( = 0.000083, p<0.01) and adjusted patient days ( =0.000084, p<0.05) and adjusted discharge 
( =0.000145, p<0.05. Our second hypothesis describes a positive relationship between HIT Use and 
hospital productivity and hospital performance. As shown in Table 5, the results confirm that meaningful 
use of HIT positively affects financial performance (&=0.04653, p <0.0001), adjusted patient days 
(&=0.0191, p <0.0001), and adjusted discharge (&=0.06266, p<0.01). Finally, our third hypothesis 
is not supported as the interaction of HIT and HIE is insignificant on both hospital financial performance 
and productivity measures. 
Robustness Checks 
 
In the final step of our analysis, we checked whether the results obtained were consistent in the presence 
of potential sample bias and were robust to alternate measures of key variables. First, a concern in 
measuring the meaningful use of HIT on hospital performance is that hospitals with better patient 
outcomes may be more likely to adopt HITs and use it more meaningfully. In fact, a Hausman 
specification test rejected the exogeneity of HIT-Use to hospital outcomes.  In order to deal with this 
endogeneity issue, we propose four weak instruments i.e. 1) physicians’ use of HIT (one variable) and 2) 
hospitals’ information exchange within/outside of hospital networks (three variables). If physicians utilize 
HITs (e.g. a personal data assistant) more frequently and efficiently, then hospitals’ clinical quality can be 
enhanced resulting in increased hospital productivity and financial performance. Similarly, meaningful 
use of HIT can be triggered by HIT systems within/outside hospital networks and their information 
exchange. When a hospital attempts to exchange their health information, they would consider system 
interfaces and data formats and therefore, they may adopt relevant technologies and exchange patients’ 
information, noted as meaningful use of HIT criteria. Based on this rationale, we test for potential 
endogeneity using a 2 stage least squares (2 SLS) regression approach, limiting the relationship between 
meaningful use of HIT and hospital revenue and productivity at hospital level. To better obtain valid 
instrument variables, we first checked the t-statistics of instrument variables from the first stage 
regression, identifying strong instrument variables to meaningful use of HIT. Moreover, Sargan’s 
statistics for overidentification were also tested since the number of our instrument variables is larger 
than the number of endogenous variables in the model. We confirmed that all four instrument variables 
were valid (=2.009, p=0.5705) and the 2SLS results were consistent to those of HLM analyses. As such, 
the positive relationship between HIT capital and hospital performance as well as between meaningful use 
of HIT and hospital performance (p<0.05) is well supported by the data.  
 
Second, we recoded the HIE coordination variable into two binary variables tiered by full participation 
and partial participation of electronic health information exchange. From the retest results of the HLM 
models, we obtained the same result, namely, rejecting the moderating effect of HIE coordination 
(hypothesis H3).   
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Table 5. Multilevel Modeling Results 
Variables 
Hospital Productivity Financial performance 
Adjusted Patient Days (PD) Adjusted Discharge (DIS)  Hospital Revenue (REV) 
M1 M2 M1 M2 M1 M2 
Intercept 12.5572*** 11.1349*** 2.3932 1.9565 6.1172*** 5.0123** 
Year1 (2008) -0.1188*** -0.1023** -0.2988*** -0.4867*** -0.3758*** -0.4157*** 
Year2 (2009) -0.05528** -0.08529** -0.0659 -0.2366* -0.2346* -0.2794* 
HIT Capital (HITC) 
 
0.000084** 
 
0.000145* 
 
0.000083* 
HIT Use (HIT Use) 
 
0.0191*** 
 
0.06266** 
 
0.04653*** 
HIE Coordination (HIE) 
 
0.04357 
 
-0.09949 
 
0.2142 
HIT Use *HIE 
Coordination  
-0.00448 
 
-0.00531 
 
-0.01036 
Size (SIZE) 0.003706*** 0.003803*** 0.002903*** 0.00302** 0.003658*** 0.003523*** 
Ownership (OWN) 0.02561*** 0.0298** 0.01657 0.02525* 0.01014 0.01419 
Service (SVC) 0.01383** 0.02671*** 0.00557 0.009416 -0.00064 -0.00364 
Age (AGE) 0.001907** 0.001709 0.002137* 0.002363 0.00138** 0.001769* 
HIT Human (HITH) 0.003261*** 0.002565** 0.002571* 0.000175 0.0007 -0.00013 
State Size (SSIZE) 0.01388** 0.01585*** 0.02047** 0.0182** 0.01521*** 0.01593*** 
State Awards (SA) 0.2345* 0.2721** 0.3176* 0.2437 0.2109** 0.1981* 
       
N 2,097 1,017 793 382 2012 922 
Model 1663.43 534.41 95.76 24.38 162.82 39.86 
P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
AIC 3624.5 1886.8 2258.3 1128.3 4745.1 2282.2 
BIC 3633.6 1895.9 2267.3 1137.3 4754.1 2291.2 
 
* Standardized regression coefficients are reported        
* Denotes significance at p<0.05; ** p <0.01; *** p <0.0001 
* Missing values are treated by case deletion (CD) 
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Discussion and Conclusion 
 
The results from our study provide good support for the propositions that investments in HIT and their 
meaningful use by healthcare organizations will result in improved operating and financial performance.  
The results we obtained were robust to endogeneity concerns as well as to alternate measures of key 
variables. 
 
As noted earlier, substantial investments are being made in the U.S in implementing healthcare 
technologies at local, regional, and national levels for improving quality of care outcomes. The primary 
motivation of this study was to examine whether these investments and the extent to which the healthcare 
providers use the associated technologies actually impact their operating and financial performance. The 
answers to these questions are neither obvious nor straight forward as we have seen in the past from the 
vast literature on IT, productivity, and business value. This literature stream has documented mixed 
findings on the impact of IT investment on performance and has emphasized the need to examine 
contingency effects as well as moderating and mediating variables such as meaningful use (Bharadwaj 
2000; Devaraj et al. 2003).  
 
Although analysis of HIT impacts is still hampered by lack of detailed and reliable data, IS scholars have 
begun the process of systematic documentation of adoption and use of HIT (Miller & Tucker 2009; Angst 
et al. 2010). Our study along with a few similar studies (Borzekowski 2009; Menon et al. 2000; 
McCullogh et al. 2010) represents early attempts at analyzing the impact of HIT investments on a number 
of key metrics that track operating and financial performance. We find reasonably good support for our 
hypothesis linking HIT capital to productivity metrics and to financial performance, after controlling for a 
number of key factors (at hospital and state levels) that have been identified as important to hospital 
performance.  The results based on fairly large sample of observations from all 50 states in the U.S. over a 
three year time period (2008-2010) show that even contemporaneous associations are positively 
impacted. As newer data becomes available it would be important to check lagged effects of IT to see 
whether the impact increases over time or diminishes due to rapid technological obsolescence. The result 
has important implication for healthcare administrators, particularly the skeptics who still regard these 
investments as risky and not particularly beneficial.  Hospitals that do not make the appropriate 
investments in HIT might find themselves too far behind on the technology curve in a few years and 
unable to compete in the emerging complex healthcare markets.  
 
As expected, the strongest results from the study were the associations between meaningful use of HIT 
and hospital performance. Our results obtained using data tracked by AHA on hospitals’ use of IT systems 
among four categories (ECR, RV, DS and BC)  shows that it is absolutely important to track and measure 
meaningful use over and beyond simply looking at the amount of capital invested in HIT.  This finding has 
important implications for theory and practice.  While we show this to be an important construct, from a 
theoretical view point, a lot more work needs to be done in more carefully conceptualizing and measuring 
meaningful use. While the measure we use captures the breadth across all units of a hospital, the manner 
in which these systems are used is still left untracked. In fact, healthcare organizations pay careful 
attention to whether the functionalities correspond to their strategic goals and plans under a given 
context, because even minor errors in HIT systems aggravate the quality of care and financial profits 
(Swanson & Ramiller 2004). Further, additional categories of use may emerge over time as hospitals learn 
to more fully utilize the data they collect through these systems.  From a practice view point, our results 
provide some comforting statistics to hospitals that have already fully implemented these functionalities 
and are beginning to emerge as active users. The operating and financial performance benefits that we 
document in this study show that more intensive users might be able to lock-in greater benefits and over 
time, provide a compelling competitive advantage for hospitals that develop this important capability.   
 
Although it was surprising to note that our results did not show any positive benefits of HIE coordination, 
we speculate that we might still be in very early stages of HIE adoption and as in any IOS system, the 
benefits might not start to accrue until a significant level of participation is reached. The threshold for 
payoff from HIE investments might not have been met as yet. However, we anticipate that when the 
tipping point is reached, providers that belong to RHIOs (or similar state/national level coordination 
platforms) will significantly out-perform those that do not share or exchange patient level data with other 
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care providers.  However there are still important barriers, such as patient privacy, to such participation 
and health policy and laws governing access and sharing of medical data will need to evolve before these 
benefits are achievable (Miller & Tucker 2009).   
  
In conclusion, we would like to point out some of the important limitations of the current study as well as 
highlight some promising avenues for future research. First, we limit our focus to AHA member hospitals 
who participate in Medicare programs and this may impact the generalizability of our results to non-AHA 
hospitals. In addition to US healthcare markets, our results might also carry the importance to explain the 
worldwide HIT adoption and its impact on health care performance because quality of care and 
healthcare cost reduction have long been discussed among healthcare experts all over the world. As the 
global healthcare IT market is expected to grow from $99.6 billion in 2010 to $162.2 billion in 2015 
(Markets and Markets 2011), our study can provide insights into how HIT investments transform 
meaningfully use of HITs and how those procedures impact hospital performance in a general sense. 
Second, our study can benefit from adding more relevant control variables at state level such as total 
number of hospitals, and size of patient population in a state. Finally, it would be important to continually 
refine our measure of meaningful use of HIT, especially as new functionalities and capabilities evolve with 
technological changes. 
 
There are a number of other directions in which this work could be extended. First, the data set could be 
expanded to include alternate measures of outcome variables, such as quality of care, and to include 
additional independent variables pertaining to intensity and quality of HIT use. As healthcare industry is 
composed of multiple stakeholders and their performances, HIT impacts can vary along many dimensions 
of outcomes (Aral & Weil 2007). Although our study limits its scope to financial performance and 
productivity, it will be worthwhile to delineate alternative outcomes, such as care quality measures (e.g. 
mortality from heart attack) and patient satisfaction.   Second,  as additional data becomes available, we 
could begin to tap in to more advanced stages of HIT  use and HIR coordination and the early results 
obtained here will have to be retested against more longer term data.  Third, it would also be important to 
develop more sophisticated models that examine moderating and mediating conditions that permit more 
in-depth exploration of specific contingencies that impact performance. Ultimately, the type of extension 
that would have the biggest impact on practitioners is an analysis of factors that differentiate hospitals 
that achieve high returns from HIT investments from the low performers (Brynjolffson et al. 1996). In 
depth case studies and qualitative analysis of high performing hospitals are likely to reveal the most 
critical differentiating factors. Finally, future research can also examine if the relationships obtained here 
can be generalized to other contexts, such as physician practices, as well as non US hospitals and other 
publicly funded organizations.  
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